Introduction
============

The polycystic ovary syndrome (PCOS) is the most common endocrine disturbance \[[@B1]\], affecting 5% to 8% of women of reproductive age \[[@B2]\]. PCOS is defined as a multi-system disorder \[[@B3]\]. Obesity, hypertension, diabetes mellitus type 2, dyslipidemia and cancer commonly are coexisted in women with PCOS \[[@B4]\]. Women with PCOS are more likely to suffer complications of pregnancy than women with normal ovaries and these include increased risk of miscarriage, gestational diabetes and pre-eclampsia \[[@B5]\]. A meta-analysis in 2009 has reported the significantly association between women with PCOS and endometrial cancer (odds ratio \[OR\], 2.70; 95% confidence interval \[CI\], 1.00 to 7.29) \[[@B6]\].

Breast cancer is the second most frequent type of cancer in the world and the most common among women in the developed and the developing countries \[[@B7][@B8]\]. The relationship between PCOS and breast cancer is complicated by the fact that PCOS is associated with factors that both increase (later age at first pregnancy) and reduce (later age at menarche, anovulatory cycles) the risk of breast cancer. Also, obesity is a major risk factor for breast cancer and is often linked with PCOS \[[@B9]\].

Several epidemiological studies investigated the association between PCOS and the breast cancer, but the results are inconsistent \[[@B10][@B11][@B12][@B13]\]. In a meta-analysis of three comparative studies, Barry et al. \[[@B3]\] showed that the risk of breast cancer was not significantly increased in women with PCOS. They searched Embase and Medline databases. The present meta-analysis conducted to estimate the overall effect PCOS on the breast cancer in women of reproductive age based on the current evidence.

Materials and methods
=====================

1. Criteria for including studies
---------------------------------

The outcome of interest was breast cancer. The exposure of interest was PCOS. Epidemiological studies, including Cohort, case-control, and cross-sectional studies were included so as to address the relationship between PCOS and breast cancer, irrespective of age, race, publication date and language.

2. Search methods
-----------------

The key words used were \"carcinoma or cancer or tumor or malignancy\" and \"polycystic ovar or polycystic ovary syndrome\" and \"breast\". Major electronic databases including PubMed, Web of Science, and Scopus were searched until June 2015. In order to find additional references, the reference lists of the included studies were screened. In addition, we contacted the authors of the studies for more potentially eligible studies. Furthermore, the conference databases were searched.

3. Data collection and analysis
-------------------------------

Two authors independently made the decision on which studies met the inclusion criteria for the objective of this meta-analysis. Any disagreement was resolved after a discussion by the authors. Two authors extracted the data from the included studies. The variables extracted for analysis contained the first author\'s name, the year and the country where the study was conducted, study design, age mean/range (year), sample size, the effect measure and its 95% CI.

We assessed the risk of bias among the included studies using Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) considering the following key elements: limitation, consistency, directness, precision, reporting bias, strength, gradient, and confounding \[[@B14]\].

4. Heterogeneity and publication bias
-------------------------------------

The statistical heterogeneity was explored applying the Q-test. The I^2^ statistic was used for assessing inconsistency in the results \[[@B15]\]. The potential for publication bias was examined by the Egger\'s \[[@B16]\] and Begg\'s \[[@B17]\] tests and was visualized using a funnel plot. The OR and its associated 95% CI were mentioned as a measure of the association between PCOS and the breast cancer risk. Wherever reported, we employed the full adjusted forms of OR controlled for at least one or more of the potential confounding factors such as age, income, oral contraceptive, Body mass index, family history of breast carcinoma and menopause status. Data were analyzed and the results were employed for using of a random-effects model \[[@B18]\]. Since the results and the number of the included studies were respectively homogenous and limited, no subgroup analysis was performed. All statistical analyses were performed at a significance level of 0.05 using the Stata ver. 11 (StataCorp, College Station, TX, USA).

Results
=======

We identified 970 references, 725 references through searching electronic database and 245 references after checking reference lists. No reference was found through searching conference databases. Four hundred and seventeen duplicates and 525 irrelevant references were excluded after reading titles and abstracts, while 20 were excluded after reviewing full texts ([Fig. 1](#F1){ref-type="fig"}). Eight studies remained for the final meta-analysis, which included 45,470 participants and 243,064 person-year: five cohort \[[@B11][@B12][@B13][@B19][@B20]\], and three case-control studies \[[@B10][@B21][@B22]\] ([Table 1](#T1){ref-type="table"}).

The relationship between PCOS and breast cancer is shown in [Fig. 2](#F2){ref-type="fig"}. Based on OR estimates obtained from case-control studies and related risk from cohort studies, there was no significantly association between PCOS and the breast cancer (0.87; 95% CI, 0.44 to 1.31) and (1.18; 95% CI, 0.93 to 1.43), respectively.

The I^2^ statistics and Cochran homogeneity test revealed no evidence of heterogeneity among the included studies addressing the association between PCOS and breast cancer in case-control studies (5.2%, *P*=0.348) and in cohort studies (0%, *P*=0.721). Publication bias was employed using Begg\'s and Egger\'s tests and was visualized employing a funnel plot. The Egger regression test and Begg\'s test revealed no evidence of publication bias among the included studies that addressed addressing the association between PCOS and the breast cancer risk (*P*=0.716 and *P*=0.621), respectively. No evidence of publication bias was observed in the funnel plots ([Fig. 3](#F3){ref-type="fig"}). [Table 2](#T2){ref-type="table"} indicates the quality of the studies assessed using GRADE. As is seen, four studies were moderate in quality while four the other studies had low qualities \[[@B10][@B11][@B12][@B13][@B19][@B20][@B21][@B22]\].

Discussion
==========

This is the first meta-analysis of PCOS and breast cancer that included cohort studies and the meta-analysis results indicated that PCOS not was associated with an increased risk of the breast cancer. Obesity increases the risk of breast, endometrial and ovarian cancers \[[@B20][@B23][@B24]\]. In view of the reproductive characteristics and the high prevalence of obesity among women with PCOS \[[@B25]\], we would have expected the association with risk the breast cancer. However, this meta-analysis indicated that PCOS not associated with an increased risk of the breast cancer. A meta-analysis was conducted by Barry et al. in 2014 \[[@B3]\]. They searched Medline and Embase databases until 2013 and retrieved three case-control studies. It was shown that the risk of the breast cancer not increased with PCOS. The overall effect of PCOS on the breast cancer risk was 0.95 (95% CI, 0.64 to 1.39). This meta-analysis searched Medline and Embase databases and did not included cohort studies. Chittenden et al. in 2009 \[[@B6]\] conducted another meta-analysis in order to assess the effect of PCOS on the breast cancer risk. Three case-control studies indexed in Medline and Embase until 2009 were retrieved. They reported that the breast cancer risk not increased with PCOS 0.88 (95% CI, 0.44 to 1.77). However, this meta-analysis was limited to case-control studies. The Begg and Egger tests for publication bias were statistically significant neither for cohort nor for case-control studies. This determinates that the sensitivity of the search strategy was good enough to find the eligible studies.

Certain limitations to our finding should, however, be considered, the most important of which was the limited number of eligible studies. Second, we attempted to use an adjusted form of OR estimate, while some studies did not report adjusted forms of effect measure, an issue which may result in information bias. Third, we could not assess the effect of confounding variables such as hormone therapy, menopausal status and family history of breast cancer, an issue which may lead to selection bias. Finally, we found \'ONE\' study that seemed potentially eligible to be included in this meta-analysis, but we could not access the full text of this study. This issue may raise the possibility of selection bias.

This meta-analysis demonstrated that PCOS no does increase the risk of the breast cancer. Further prospective cohort studies are needed to provide convincing evidence in order to PCOS can increase or not effect on the risk of the breast cancer.
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###### Summary of studies results
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^a)^Year or person year.

###### Quality assessment of studies addressing the association between polycystic ovary syndrome and breast cancer risk
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^a)^Randomized trial, cohort study, case-control study, cross-sectional study; ^b)^ (a) Incomparability of the groups, (b) different measurement methods, (c) unmatched or unadjusted, (d) short follow-up (in cohort studies), 1 limitation=-1, ≥2 limitation=-2; ^c)^Inverse point estimate compared to overall estimate \| no overlap overestimate=-1; ^d)^Interested intervention/exposure, interested outcome, interested population; some (-1) or major (-2) uncertainty about directness; ^e)^If sample size \<2,000 and confidence interval includes 1.0=-1, otherwise=0; ^f)^Possibility of selective outcome reporting=-1, otherwise=0; ^g)^RR \>2 \| \<0.5=+1, RR \>5 \| \<0.2)=+2, otherwise=0; ^h)^≥2 levels of exposure=+1, 1 level of exposure=0; ^i)^ Adjusted/matched=+1, otherwise=0; ^j)^High: if having no negative score with all positive scores, moderate: if having no negative score with at least one positive score, low: if otherwise.
